

ITC 



INTERNATIONAL TRANSLATION CENTER, INC. 




DECLARATION OF TRANSLATOR 



I, Lawrence B. Hanlon, of the International Translation 
Center, Inc., do hereby avow and declare that I am conversant 
with the English and German languages and am a competent 
translator of German into. English. I declare further that to 
the best of my knowledge and belief the following is a true 
and correct translation prepared and reviewed by me of the 
document in the German language attached hereto. 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false 
statements may jeopardize the validity of any patent issued 
thereon. 




1 660 I STREET, N.W. • SUITE 613 • WASHINGTON. D.C. 20036 • TEL . (202) 296-1344 



10/544105 

MQ Rec'd PCT/PTO 02 AUGMB 

PCT/EP2004/003758 



Hydac Fluidtechnik GmbH, Industriegebiet, 66280 Sulzbach/Saar 



Proportional Pressure Control Valve 



The invention relates to a proportional pressure control valve with a valve housing, 
having at least three fluid-conducting ports, in particular in the form of a pump P, a utility A, and 
a tank T port, it being possible to displace longitudinally inside the valve housing for the purpose 
of optional connection of the pump port P to the utility port A and the utility port A to a tank port 
T, a control piston which is provided for establishment of a fluid-conducting connection between 
the pump port P and a servo chamber of a pilot control valve with a connecting channel, the pilot 
valve being actuatable by a magnet system, a proportional magnet system in particular. 

A generic proportional pressure control valve such as this has been disclosed in US 
6,286,535 Bl. In this disclosed solution the pump port P communicates in the axial direction of 
displacement of the control piston inside the valve housing with the latter, while the other two 
ports in the form of a utility port A and a tank port T communicate transversely thereto in the 
radial direction, on appropriate ordering of displacement of the control piston in an annular 
space, with the annular space being bounded on one side by the valve housing and on the other 
side by the control piston itself. In addition, a damping screen is provided in the control piston in 
the disclosed solution, a screen which permanently connects a damping chamber between valve 
housing and control piston to the annular space referred to. In this way the transient effects of 
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the control piston may be suitably damped, the dynamics nevertheless being simultaneously 
higher for the valve as a whole, something which is necessary if such proportional pressure 
control valves are employed by preference in coupling systems which serve, for example, to 
connect two shafts such as the shafts of machines to transmission shafts. 

As a further development of this disclosed solution US 5,836,335 discloses proportional 
pressure control valves in which the control piston has a mechanism for limiting pressure peaks 
such as may otherwise occur, for example, in utility port A to which the couplings may be 
connected. In a preferred embodiment of the disclosed valve a spring-loaded return valve is 
introduced into the control piston, which may be connected by way of the annular space to that 
of the utility port and at an assigned pressure threshold clears the fluid-conducting path between 
the annular space and an encircling groove in the control piston, which groove is permanently 
connected to the tank port. 

It has been found in practical application that, when the respective proportional pressure 
control valves are used in couplings, not only does it occur that these couplings are characterized 
by high switching dynamics with simultaneously low pressure losses, so that rapid processes of 
charging with the hydraulic medium and rapid discharging of the coupling may be ensured but 
also it is important to keep obstructions from occurring in the coupling so that the valves in 
question used for this application may be completely relieved. That is, when the electric control 
signal on the magnet system is removed by which the valve is actuated, the adjusted pressure on 
utility port A, which leads to the actuating mechanism of the coupling, is reset to a value of 0 
bar. In the case of the pressure valves traditionally available, those specified in the two US 
patents referred to, however, the control piston (so-called main stage of the valve) is returned to 
its end position by a pressure spring under tension and, because of the structural design, these 
valves are still at a level of pressure when the electric control signal of the magnet system is not 
present which corresponds to the force of the valve spring under tension. This extant residual 
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pressure may operate against an effective process of opening the hydraulic coupling, something 
which in practical application results in obstructions or even makes an uncoupling process 
impossible. 

On the basis of this prior art, then, the object of the invention is to retain the advantages 
of the disclosed solutions while improving these solutions by creating a valve system which can 
provide assurance that a pressure value of 0 bar is set at the utility port A when the magnet 
system is not in operation in order to ensure high reliability of operation in use of coupling 
systems. The object as thus formulated is attained by a proportional pressure control valve 
having the features specified in claim 1 in its entirety. 

In that, as specified in the descriptive part of claim 1, when the pilot control valve is open 
it clears the fluid conducting path extending in part through the valve housing, between the 
connecting channel and the tank port T, which is simultaneously connected to the utility port A 
to conduct fluid, a valve is created which may be completely discharged, with the result that, 
when the electronic control signal in the magnet system is removed, the pressure controlled by 
the control piston at utility port A definitely assumes the pressure value of 0. Thus, since the 
solution claimed for the invention dispenses with returning the control piston (main stage) to its 
end position by means of a pressure spring under tension, it makes certain that, especially in the 
case of an application involving couplings, the latter may be fully released, so that the coupling 
or disk pack which otherwise are engaged are reliably separated from each other and the 
coupling connection is thus broken. 

Other advantageous embodiments of the proportional pressure control valve claimed for 
the invention are specified in the dependent claims. 
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The proportional pressure control valve claimed for the invention will be described in 
detail below with reference to an exemplary embodiments illustrated by the drawing, in which, in 
the form of diagrams not drawn to scale, 

FIGS. 1 to 3 present, partly as a side view and partly as a longitudinal section, the proportional 
pressure control valve claimed for the invention in various switched or actuation 
positions; 

FIG. 4 presents, as a simplified connection diagram, use of the proportional pressure 

control valve shown in FIGS. 1 to 3 for application in the instance of a multidisk 
clutch; 

FIG. 5 presents the course of a coupling cycle for a coupling-valve configuration in 

accordance with the configuration shown in FIG. 4. 

The basic structure of the proportional pressure control valve claimed for the invention is 
illustrated in FIG. 1. It has a valve housing 10 configured as a screw-in cartridge, which may be 
moved over a screw-in path 12 into a machine part not shown, such as one in the form of a valve 
block or the like. The valve housing 10 is provided on the outer circumference with appropriate 
sealing rings 14 and associated recesses for the sealing system of the respective system. The 
valve housing 10 has in the radial circumference direction, from top to bottom as viewed in the 
direction of FIG. 1, a tank port T, a utility port A, and a pump port P for a hydraulic pump 16 
(see FIG. 4). In addition, a control piston 18 which may be displaced longitudinally inside the 
valve housing 10 is provided for optional connection of the pump port P to the utility port A and 
also of the utility port A to the tank port T. 
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For the purpose of establishing a fluid-conducting connection between the pump port P 
and a servo chamber 20 of a pilot valve designated as a whole as 22, the control piston 18 is 
provided with a connecting channel 24 which extends through the center of the control piston 18 
in the longitudinal direction 26 of the entire valve, the lower end of the connecting channel 24 
being bent at an angle and thus pointing in the direction of the pump port P. In addition, the pilot 
valve 22 in question may be actuated by way of a magnet system designated as a whole as 28, in 
particular one in the form of a proportional magnet system. Magnet systems 28 such as these 
regularly have a wire-wound coil (not shown) through which current is to flow, the magnet 
system 28 having a plug connection component 30. If the proportional magnet system 28 is 
supplied with current by way of a plug connection component 30, the wire-wound coil (not 
shown) is controlled by an operating tappet 32 so that, as viewed in the direction of FIG. 1, it 
moves downward, and accordingly the pilot valve 22 proper remains in its closed position as 
shown in FIG. 1. The respective structure of a magnet system 28 and its operation are known in 
the prior art and will not be discussed in detail at this point. 

In the direction of the servo chamber 20 of the pilot valve 22 the connecting channel 24 
has a screen 34. A protective screen 36 is mounted upstream from the screen 34 in the direction 
of fluid flow, while a so-called diffiisor 38 is provided downstream from the screen 34. The 
diffiisor 38 serves the purpose primarily of diverting the guided oil stream from the screen 34 so 
that this stream will not strike the closing or valve component 40 of the pilot valve 22 directly, 
something which could result in malfunctions in certain valve states. In addition, the possibility 
exists in principle of creating an valve variation for the proportional pressure valve, of 
employing a diffiisor with additional screen bore (not shown) which is particularly well suited 
for high pump pressures (primary pressures). The protective screen 36 makes it possible to filter 
fouling substances out of the stream of fluid. 
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The servo chamber 20 referred to in the foregoing is part of a valve seat 42 mounted in 
the valve housing so as to be stationary in the valve housing 10, the valve seat 42 being 
. connected by a center channel 44 to the servo chamber 20. As is shown in FIG. 1, this valve seat 
42 may be brought into sealing contact with the valve component 40 of the pilot valve 22, it 
being possible to move the valve component 40 under the force of a spring in the direction of the 
servo chamber 20 into its closed position shown in FIG. 1 . For the purpose of contact with the 
valve seat itself 42 the valve component 40 is provided on its front lower end as viewed in the 
direction of FIG. 1 with a tapering closing or valve tip. This tip is an integral component of the 
valve guide plate 46 which is engaged on both sides with a pressure spring 48, 50. The first 
pressure spring 48 extends between the valve guide plate 46 in question and a flange-like 
widening on the lower end of the operating tappet 32. The second pressure spring 50, which is 
weaker with respect to its spring force than the first pressure spring 48, extends by its two free 
ends between the valve guide plate 46 and the upper side of the valve seat 42. For the purpose of 
better control of these pressure springs 48, 50 the valve guide plate 46 may, as is shown in FIG. 
1, be provided on both sides with a cylindrical guide or contact attachment. 

For the purpose of control of the valve guide plate 45 there is provided inside the valve 
housing 10 a guide component 52 which, designed as a sort of cylindrical sleeve, is rigidly 
connected to the valve housing. A screw-in component 54 by means of which the proportional 
magnet system 28 may be mounted and secured on the valve housing 10 is present between the 
guide component 52 and the magnet system itself 28. In addition, the operating tappet 32 is 
controlled by its flange-like widening on its one free end inside this screw-in component 54. The 
guide component 52 also delimits by its stationary valve seat 42 a distribution compartment 56 
configured as an annular channel. There is a fluid-conducting path 58 extending in the valve 
housing 10 which is permanently connected to this distribution compartment 56 and the other 
end of which communicates with a connecting compartment 60 delimited by the outer 
circumference of the valve housing 10 and by the inner circumference of the valve unit or 
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machine component (not shown) into which the valve housing 10 may be introduced and with 
which the tank port T of the valve housing 10 communicates. 

Hence, a permanent connection between tank port T and the distribution compartment 56 
is thereby achieved by way of the fluid-conducting path 58. As is shown in FIG. 1, the fluid- 
conducting path 58 may be in the form of a plurality of individual channels which extend 
through the valve housing, tapering in the direction of the operating tappet 32, at the level of the 
screw-in path 12 of the latter. The end of these individual channels pointing in the direction of 
the tank port T as viewed in the direction of FIG. 1 communicates with the exterior or the 
connecting compartment 60 below the lower end of the screw-in path 12. On the basis of this 
structure of the pilot valve 22 as described in the foregoing the latter is thus configured as a 
proportional pressure control valve. 

As is also to be seen in FIG. 1, the control piston 18 with the valve housing 10 adjoins a 
damping chamber 62 on its one end facing away from the servo chamber 20. There is mounted 
in this damping chamber 62 an energy accumulator, in particular one in the form of a pressure 
spring 64 which tends to displace the control piston 18 in the direction of the servo chamber 20. 
The damping chamber 62 is connected by way of a damping screen 66 mounted in the control 
piston 18 to an annular space 68 enclosing the control piston 18, this annular space being 
delimited toward the exterior by the inside of the valve body 10. This annular space 68 
optionally connects the tank port T to the utility port A or the utility port A to the pump port P, as 
a function of the longitudinal or displacement position of the control piston 18 in the valve 
housing 10. The damping chamber 62 is both enclosed by the inside of the valve housing 10 and 
delimited on one side by the control piston 1 8 and on the opposite side by a lift stop 70 for the 
control piston 1 8. The lift stop 70 proper is in the form of a free side which faces the control 
piston 18, and this lift stop 70 also forms the end of the valve housing 10 on one side of the 
latter. 
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Now that the basic features of the structural design of the proportional pressure control 
valve claimed for the invention have been described, the functioning of this valve will be 
discussed with reference to FIGS. 1 to 3. 

So long as current does not flow through the proportional magnet system 28, hydraulic 
medium (oil) may flow from the pump port P to the tank port T. When the valve is in this state, 
accordingly, the pilot valve 22 shown in FIG. 1 has been opened and the upper stop of the 
control valve 1 8 has moved to come into contact with the lower side of the valve seat 42. In this 
switching position oil flows from the pump port P through the control piston 18, specifically, by 
way of the connecting channel 24, and through the combination of protective screen 36, screen 
34, and diffusor 38 and from there by way of the opened pressure limitation valve (pilot valve) 
22 of the pilot control toward the tank. The forces of the second pressure spring 50 suffice, in 
conjunction with the pump pressure by way of the center channel 44, to lift the valve guide plate 
46 with the valve component 40 against the action of the first pressure spring 48. The hydraulic 
medium then reaches the distribution compartment 56 by way of the center channel 44 and from 
here flows by way of the fluid-conducting path 58 into the connecting compartment 60, which, 
together with the tank port T, leads to the tank. The respective volume flow may be defined as 
pilot control oil flow or leakage. 

When current is applied to the proportional magnet system 20 by an upstream electronic 
system (not shown), the closing or valve component 40 of the pilot valve 22 moves into contact 
with the seat edge of the valve seat 42, thereby interrupting the volume flow between the pump 
port P and the tank port T. The respective switching state is illustrated in FIG. 2. The servo 
chamber 20 is accordingly filled with the hydraulic medium, as a result of which the pressure in 
this chamber increases. This pressure acts on the upper, front, side of the control piston 18 and 
moves it in the direction of the lower lift stop 70, against the force of a third pressure spring 64 
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undergoing compression. The pressure in the servo chamber 20 then corresponds to the adjusted 
pressure. 

If the pressure in the damping chamber 62 is lower than the pressure in the servo chamber 
20, the control piston occupies a position such that the consumer device port A is connected to 
the pump port P. The respective switched position is reproduced in FIG. 3. The pressure on the 
utility port A is reported to the damping compartment by way of the damping screen 66 and acts 
there on the front side of the control piston 1 8 as a force opposed to the pressure level in the 
servo chamber 20. If the pressure in the damping chamber 62 reaches the adjusted pressure, the 
control piston 18 is displaced so that the connection between the pump port and the utility or 
consumer device port A is throttled. The control piston 18 moves to a position in which the two 
force levels are in balance with each other and define a window opening between the pump port 
P and the utility port A. Hence, a pressure is established at the utility port A which is directly 
related to the electric control signal of the magnet system 28. As a result of the adjustment of the 
defined secondary pressure a volume of oil is moved back and forth constantly by way of the 
damping screen 66 between the damping chamber 62 and the utility port A, so that the control 
process is damped in such a way as to prevent disruptive oscillations during this adjustment 
process. 

The proportional pressure control valve claimed for the invention is one which may be 
used to advantage especially for coupling applications. The main requirements for high 
dynamics and low pressure losses are set for such applications in order to make it possible to 
ensure a rapid process of filling with oil and rapid emptying of the coupling. This is achieved 
directly with the present valve configuration, and in addition the load on the valve claimed for 
the invention may be completely removed, that is, when the electric control signal is completely 
removed from the magnet system 28, the adjusted pressure on the utility port A is reduced to a 
value of 0 bar. With the otherwise customary servo pressure valves the respective main stage 



WO 2004/X09124 



PCTYEP2004/003758 



10 



(control piston) is returned to its end position by a pressure spring under tension, so that the 
disclosed valves are always at a pressure level with an electric control signal not present at the 
magnet system which corresponds to the force of the spring under tension. This situation results 
in problems in release of hydraulically operated couplings. 

In order to make this clear, use of the proportional pressure control valve claimed for the 
invention is described in greater detail with reference to FIGS. 4 and 5 for a hydraulically 
operated coupling. The illustration and FIG. 4 show that the proportional pressure control valve 
is connected between coupling points 72, 74, 76 and the hydraulic pump 16. Couplings serve 
among other things to connect two shafts, such as the shafts of machines and transmission shafts. 
In the case of the respective hydraulic coupling a cylinder space 72 is connected to the 
pressurized line or pressure port P of the hydraulic pump 16 by actuation of the proportional 
pressure control valve claimed for the invention. The spring-loaded piston 74 presses together a 
disk pack not shown. The cylinder space 72 is then emptied as a result of reversal of the 
proportional pressure control valve and the pressure spring configuration 76 pushes the piston 74 
back to its initial position, as is shown in FIG. 4. In the process the remaining hydraulic medium 
is forced out by way of the utility port A in the direction of the tank T. 

The illustration in FIG. 5 shows the sequence of a coupling event. The coupling must 
first be rapidly filled with oil (hydraulic medium). This takes places over time interval ti to ty, 
the piston 74 begins to compress the disk pack precisely as a result of this process. This process 
involves a brief, very high volume flow. This state is maintained over time interval t2 to t3 arid 
the process is slowly Astarted® over time interval t3 to tj, the pressure undergoing slow linear 

increase as a result of operation of the proportional pressure control valve, so that the force of the 
machine is transmitted uniformly to the transmission string. At time t 5 the pressure in the 
coupling is removed as a result of backing up of the electric control signal on the magnet system 
28, so that the compressed disk pack may push the piston 74 back to its initial position under the 
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additional influence of the pressure spring configuration 76, something which is immediately 
possible, since in the switched position already illustrated the pressure at port A assumes the 
value of 0. 



